Sink tissues that store osmotically active compounds must osmoregulate to prevent excessively high turgor. The ability to regulate turgor may be related to membrane transport of solutes and thus sink strength. To study this possibility, the kinetics of sugar uptake were determined in sugar beet (Beta vulgaris L.) taproot tissue discs over a range of cell turgors. Sucrose uptake followed biphasic kinetics with a high affinity saturating component below 20 millimolar and a low affinity linear component at higher concentrations. Glucose uptake exhibited only simple saturation type kinetics. The high affinity saturating component of sucrose and glucose uptake was inhibited by increasing cell turgor (decreasing external mannitol concentrations). The inhibition was evident as a decrease in V,,,, but no effect on K,.. Sucrose uptake by tissue equilibrated in dilute buffer exhibited no saturating component. Ethylene glycol, a permeant osmoticum, had no effect on uptake kinetics, suggesting that the effect was due to changes in cell turgor and not due to decreased water potential per se. p-(Chloromercuri)benzene sulfonic acid (PCMBS) inhibited sucrose uptake at low but not high cell turgor. High cell turgor caused the tissue to become generally leaky to potassium, sucrose, amino acids, and reducing sugars. PCMBS had no effect on sucrose leakage, an indication that the turgor-induced leakage of sucrose was not via back flow through the carrier. The ability of the tissue to acidify the external media was turgor dependent with an optimum at 300 kilopascals. Acidification was sharply reduced at cell turgors above or below the optimum. The results suggest that the secondary transport of sucrose is reduced at high turgor as a result of inhibition of the plasma membrane ATPase. This inhibition of ATPase activity would explain the reduced V.,,, and leakiness to low molecular weight solutes. Cell turgor is an important regulator of sucrose uptake in this tissue and thus may be an important determinant of sink strength in tissues that store sucrose.
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Maintenance of cell turgor is an important aspect of plant tolerance to salt or water stress (16) Sink tissues commonly store high concentrations of osmotically active compounds, such as sucrose, at some period during their ontogeny. This is particularly true for plants such as sugarcane and sugar beet whose cell sap content may reach 900 mOsm. In these tissues, turgor regulation is necessary to avoid very high cell turgor. One potential site of regulation may be where solute is loaded into sink cells. The objective of this study was to determine the effect of cell turgor on the kinetics of sucrose uptake in discs of sugar beet taproot tissue.
MATERIALS AND METHODS
Six-month-old sugar beet plants grown in the greenhouse were used for all studies. Taproots were harvested on the day of the experiments. Discs (1 x 6 mm) were prepared using a hand microtome and a sharp corkbore. The discs were prepared and handled essentially as described previously (14) . Briefly the discs were equilibrated in the osmotic treatment solutions for 90 min with solution changes at 30-min intervals. Sugar uptake was determined in the equilibrated discs as described previously (13, 14) except that the media were buffered at pH 6.5 Vapor Pressure Osmometer.6 Measurements of cell turgor when determined were measured with a pressure probe (6) .
RESULTS AND DISCUSSION
The osmotic concentration of the cell solution in the tissue averaged 650 mm. Therefore, the highest concentrations (600 mM) of mannitol or ethylene glycol caused no more than incipient plasmolysis.
Sucrose Uptake. The uptake of sucrose followed biphasic kinetics at mannitol concentrations above 100 mM, but uptake was linear in tissue equilibrated in buffered media without osmoticum (Fig. 1) . As the osmotic concentration increased, the biphasic pattern of uptake became more dominant. However, the slope of the linear component did not change as osmotic concentration increased.
An Eadie-Hofstee plot of sucrose uptake kinetics in 100 and 400 mM mannitol indicates that Vmax (598 versus 290) but not Km (12.5 versus 7.8) was altered by cell turgor (Fig. 2) . This plot also confirmed that cell turgor did not affect the linear component.
These results suggested that the saturating component was inhibited as the turgor of the cell increased. This response also explained the rather surprising report of Wyse (19) that sucrose uptake into sugarbeet taproot tissue was linear over the sucrose concentrations ranging from 1 to 500 mm. In those early experiments, the tissue had been equilibrated in water (high turgor). Biphasic kinetics were observed later when the protocol was modified to include 250 mm mannitol in the equilibration solution (13) .
Permeant (ethylene glycol) versus nonpermeant (mannitol) osmotica were compared to determine if increasing external osmotic concentration was really an effect on cell turgor or whether it was an artifact of concentration, i.e. water potential (4) . Ethylene glycol would equilibrate across the membrane and decrease the solute potential within the cell but would not affect cell turgor. Conversely, mannitol will not penetrate the plasma membrane and would reduce cell turgor. The effect of ethylene glycol at 100 or 600 mm did not differ from that of 100 mM mannitol (Fig. 3) mannitol effect is a true turgor effect.
Glucose uptake exhibited simple saturation kinetics with a small positive response to decreases in cell turgor (Fig. 4) . This is in contrast to the biphasic kinetics associated with glucose uptake by leaf tissue discs (1, 8) . Again, decreased cell turgor affected Vmax but not Km.
The low turgor-enhanced uptake was sensitive to PCMBS and CCCP (Table I) . Sucrose uptake increased from 0. Figure 5 suggest that irreparable damage did not occur. In fact, tissue transferred from buffer to 500 mm mannitol showed a slightly higher rate of sucrose uptake across all concentrations than tissue equilibrated in 500 mm mannitol.
akage Characteristics. High cell turgor has been found to cause an increase in cell permeability, resulting in a general leakage of low mol wt solutes. Equilibrated discs were loaded with '4C sucrose for 1 h, and the characteristics of efflux were monitored for 240 min into external media as described previously (13) . The t4' for exchange of the vacuole and cytoplasm was estimated as described by Macklon (7) . Equilibration of the tissue in water decreased the t,,2 for the vacuolar compartment by 62% compared to equilibration in 500 mM mannitol (Table II) . Plasmolyzing the tissue in 1000 mM mannitol decreased t4' compared to equilibration in 500 mm mannitol. The t½ for the cytoplasmic compartment was not significantly affected by external mannitol concentration. PCMBS (Table I) did not affect sucrose efflux from either the vacuolar or cytoplasmic compartments (Table II) Characteristics ofsucrose uptake after exposure to high turgor. Discs were equilibrated in distilled water or 500 mM mannitol for 90 min. The recovery treated discs were equilibrated in water for 60 min followed by a 30 min recovery in 500 mm mannitol prior to incubation in ['4CJsucrose. 
